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Introduction
Recently, Web service (WS) technologies are gaining importance in the implementation of distributed systems, especially grids. One such example is the Web Service Resource Framework (WSRF) [10] , which extends the current WS technologies by modeling the stateful services. Design and development of the service oriented distributed system is quite common and there are several emerging WS initiatives, which tries to automate the process of discovery, composition and invocation of services. The semantic web services are a typical example, showing the potential of how ontological modeling can improve the shortcomings of service oriented computing.
In this paper we will present the process of design and development of the flood-forecasting simulation services and the process of their translation to the semantic descriptions. We also briefly describe a corresponding architecture for discovery, composition and invocation of both stateful and stateless services. We provide a brief overview of the Web Service Resource Framework specification (WSRF) and Web Ontology for Services (OWL-S) [8] and show how can the stateful service be described in terms of the OWL-S specification. Furthermore, we present the process of assisting the user in the composition and discovery of the services by using the experience management system. Fig. 1 presents an architecture of the system components of the workflow orchestration and execution environment in the project K-Wf Grid. The main user interface for developing semantic-based Grid applications is the User Assistant Agent (UAA), which contacts the Grid Workflow Execution Service (GWES) that manages the process of composing and executing the services. The automated semantic service composition is partly delegated to the Automatic Application Builder (AAB), the Workflow Composition Tool (WCT), and the user (by means of the UAA). The Automatic Application Builder and the Workflow Composition Tool are knowledge-based semi-automatic modeling services, which in cooperation with the User Assistant Agent can propose known solutions to problems solved in the past. The semi-automatic composition of the services is enabled by the semantic description of the grid services, which is the main responsibility of the WSRF2OWL-S part of the Grid Organizational Memory (GOM). When parts of the workflow are ready to be executed on the Computing Grid, the Grid Workflow Execution Service asks the Scheduler for the optimal resource, due to some user-defined metrics. Then, the corresponding Web Service operation is invoked remotely on the Grid middleware using WSRF protocols. The events triggered by the workflow orchestration and execution will be published by means of an event system. The Knowledge Assimilation Agents (KAA) consume these events and generate knowledge that is stored in the Grid Organizational Memory (GOM).
K-Wf Grid Architecture
Workflow Composition Tool (WCT) [15, 16] applications from simple user requirements. It employs semantic reasoning techniques over OWL-S descriptions (i.e. subsumption, classification) and it tries to propose a solution to the user's problem by using provided descriptions of available resources. Such a solution is delivered in form of an abstract workflow instance composed of service operations. This workflow of operations is based on the Petri nets model, which has several advantages over the directed acyclic graphs, for a detailed description see [16] . The main input to the WCT is a description of data (results) which is to be produced by the target application and, optionally, a set of user-provided data (input) to be used by the composed application. It is also possible to upload an incomplete workflow as an input in order to complete it automatically. The main output of the composition process is a refined description of the abstract workflow. During the composition and refinement of the workflow the User Assistant Agent is used to guide the user according to the experience it gained in the past compositions.
Adding Semantics to the Stateful Services

Generating OWL-S from web service descriptions
We have designed and developed a tool for generating the OWL-S description for stateful and stateless services from the corresponding web service descriptions (WSDLs) [9] . Such tool is inevitable in the grid environment hosting a vast number of services, which have to be semantically described in order to enable automated discovery, composition and invocation. In the initial stage of the K-Wf Grid project we have successfully used the tool to create semantic descriptions of the services for the flood forecasting, enterprise resource planning and coordinated traffic management domains.
The architecture of the so called WSRF2OWL-S tool is shown in Fig. 2 . The main components of the architecture are WSRF2OWL-S engine, translator and GOMOWL-API, which provides the interface to the Grid Organizational Memory (GOM). The translation starts with a configuration and an URL of the WSDL document. The translator parses the WSDL document extracting the operations, port-types, inputs, outputs as well as resource properties. A combination of the Jena API [7] and Globus Toolkit WSDL utilities [11] are used in the process. The translator then generates for each WSDL operation a skeleton of the OWL-S document. Then it creates the inputs, outputs, preconditions and effects and maps the elements to the ontological concepts defined in the configuration. If needed, it will create an ontology, which models the resource properties of the given services. The GOMOWL API can be used to extend the OWL-S by the domain dependent constructs, e.g. FloodForecastingWSRFProfile, DataObjectInput, SimpleEffect, etc. The outcome of the process are OWL-S documents describing the web service operations, which are then be composed into the workflow as described in the next section.
Experience management in the discovery and composition of services
Knowledge and experience management [17] is known more from area of information systems and organizational process management. However, we believe that such approach can be used also in the area of web service composition. When services are composed automatically, several composed workflows can be presented to the user. According to available semantic description such workflows can be viewed as identical for the user problem. For example, if we compose services to predict weather forecast in Bratislava this can be fulfilled with MM5 or Aladin meteorology service due to semantic description. However, one of the models does not have to give good results for certain geographical location or in certain season, and others can be more appropriate. Such knowledge can not be put to semantic description for all cases but can be easily captured from expert users in form of text notes while the system is used. These notes (human experience) are processed using semantic annotation and the system detects semantic context (ontology concepts and individuals) of the note which is reviewed and confirmed by user. Such note with assigned context can thus be displayed in future to the user in similar context.
Use of semantic annotation is important for appropriate notes context detection and thus helping service composition when displaying relevant experience in concrete user context. Annotation is also used for appropriate service discovery and to help user specify problem using free text which is translated to semantic description of the problem. Discovered semantic elements (user requirements) are then used by the system to compose services to fulfill the user problem. The main idea of the used annotation algorithm is to detect relevant structured knowledge described by a domain specific ontology model in the unstructured text.
Example Application Scenario
In this section, we present a scenario, in which a user states a problem to be solved, a workflow solution is created and executed. When user logs into the system, he/she starts by using the User Assistant Agent interfaces. He/she enters a text description of the problem to be computed. This description is then analyzed for known keywords and detected elements are presented to the user to confirm detected context of the problem. When some elements of the problem context are confirmed by the user, they become the semantic representation of user's problem and composition of the services can start. Detected ontology elements are from the service ontology generated by the WSRF2OWL-S as well as from other domain ontologies related to the input and output data, such as geographical ontology of the target area (in case of geographically bound simulations, for example).
After the problem context and semantic description is stated, the system creates a so-called abstract workflow, consisting only of unknown input, one high-level, abstract task (transition) and the defined output (the solution). This abstract workflow is then analyzed, relevant services capable of creating the solution are found, and a more concrete workflow is created by backward-chaining the respective inputs and outputs. Afterwards the abstract transitions are replaced by several classes of services. These are not yet actual service instances and calls, but rather representations of certain capabilities, which are known to be found in one or more real service instances. At this point, the system is ready to start execution of the workflow, which means that the system starts looking for real service instances, which are able to perform the tasks represented by the class transitions. These service instances are evaluated by the Knowledge Assimilation Agent based on their previous monitored behavior, and the instance believed to perform best (according to a selected metric, for example speed) is then executed. If the system is unable to find service instance for the class transition, user's attention is required. Also, the system is able to recover from a fault of the selected service instance, and to use another instance, possibly working one.
After the constructed workflow is successfully computed, the user may view the output data. There is also the possibility of incorporating one or more users into the workflow, by using special User Proxy Service. This service is provided with a visualization of the data the user should see (created by a specialized service, preceding the User Proxy Service in the workflow). It sends a notification to the supposed user (via e-mail or ICQ, currently) with a URL that he/she should visit and review in order to continue the process of executing the workflow.
Related work
One of the challenges of the loosely coupled distributed systems is the ability to dynamically discover and integrate the services needed by the applications. Interoperability among services is especially important in the distributed environments hosting a large number of services, i.e. grids. Semantic descriptions facilitates the process by expressing the characteristics of the service, which is one of the goals of the Semantic Grid initiative [1, 5] . There are many project, which are trying to develop an architecture for the Semantic Grid applications such as [2, 4, 3, 6] . S-OGSA is trying to extend OGSA based architecture and provide a reference architecture with explicit handling of semantics as well as defining the associated knowledge services. Guided by the set of design principles it defines a model, the capabilities and mechanisms for the Semantic Grid [2] . InteliGrid aims at developing a grid architecture based on three layers, i.e. conceptual, software and basic resource [3] . Unlike our approach the mentioned projects are trying to address the Grid semantics by a top-down approach, creating reference architectures, which should cover a broad range of applications and requirements. In contrary, WSRF2OWL-S can be seen as a bottom-up approach, which is trying to leverage as much as possible from the existing Semantic Web Service technologies. A similar approach can be seen in the my Grid, which is a pioneering Semantic Grid project, providing a set of tools and services to enable workflow composition in biological domain [4] . It is however more focused on the support for the OGSA and OGSA-DAI, while we aim at supporting WSRF and OWL-S, which have shown to be more suited for the domain of the K-Wf Grid applications.
In the domain of Semantic Web Services, the Web Service Modeling Framework (WSMF) [13] is an industry scale framework for semantic web service discovery, execution and composition. It has three development areas concerning conceptual model (WSMO), the representation language (WSML) and the execution framework (WSMX). Although WSMF approach is much more profound and shows many significant contributions to modeling semantic web services, the level of implementation and the development support at the time of evaluation was unacceptable for our purposes. METEOR-S [14] attempts to add semantics to the basic stateless web service descriptions by adding semantics to current industry standards. The framework presents an interesting bottom-up approach to the semantic descriptions, the service annotation and WSDL-S, semantic extension of the WSDL.
Conclusions
The project K-Wf Grid provides a system, that is able to aid users in using the service-based grid, it is using workflow management of application services, semantic description of the infrastructure as well as the target application domain, monitoring of all interaction with the grid and reasoning on the monitored events in order to be able to predict behavior of the grid in future workflow execution. The project has successfully implemented a prototype of the system, which is available online. It moves now toward the final system, which will consist of a set of independent modules (most of them implemented as web or grid services themselves) that will together be able to implement the idea of constant performance optimization through knowledge acquisition and reuse.
